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Abstract 
Objective 

To provide a process controller that can prevent the occurrence of problems, simplify 
maintenance inspection, and shorten inspection time by automatically monitoring the 
replacement periods of the constituent parts with a service life of the process controller. 



Constitution 

The use start dates and replacement periods of the constituent parts with a service life of 
the process controller are set by setting switch (9) and are displayed on use start date display unit 
(4) and replacement period display unit (6), respectively. The operating period from the use start 
date to the current date is calculated with calculating means (15a) and displayed on operating 
period display unit (5). If the operating period exceeds the replacement period, a warning signal 
is output from warning signal output means (15b). 
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Key: 1 Part selection display unit 

2 Part's service life expiration warning display unit 

3 Current date replacement period 

4 Use start date display unit 

5 Operating period display unit 

6 Replacement period display unit 

7 Part selection switch 

8 Set item selection switch 

9 Setting switch 

10 Set data changing switch 
12 Clock circuit 

13, 14 Communication I/F 

15a Calculating means 

1 5b Warning signal output means 

16 Program ROM 

1 7 Memory 
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51 Controller part 

52 Life panel part 

1 1 1 Communication line 

Claims 

1. A process controller characterized by the fact that the process controller used for 
controlling control objects is equipped with a means that can set the use start dates and the 
replacement periods of the constituent parts with a service life, a calculating means that is used 
calculate the operating period from the aforementioned use start date to the current date, a 
warning signal output means that can output a warning signal when the aforementioned 
operating period exceeds the replacement period, and a part's life data display means that 
displays the aforementioned use start date, operating period, replacement period, and other part's 
life data. 

2. A data monitoring method with which a process controller used for controlling control 
objects is connected to a host man-machine monitoring device so that the part's life data 
generated in the aforementioned process controller can be monitored with the aforementioned 
man-machine monitoring device. 

3. A data monitoring method with which a process controller used for controlling control 
objects is connected to a telephone line so that the part's life data generated in the 
aforementioned process controller can be monitored with a telephone or a facsimile machine. 

4. A data monitoring method with which a process controller used for controlling control 
objects is connected to a programming tool so that the part's life data generated in the 
aforementioned process controller can be monitored with the aforementioned programming tool. 

5. A process controller characterized by the fact that the process controller used for 
controlling control objects is equipped with a means that can set the use start dates and the 
replacement periods of the constituent parts with a service life, a calculating means that is used 
calculate the operating period from the aforementioned use start date to the current date, a 
warning signal output means that can output a warning signal when the aforementioned 
operating period exceeds the replacement period, a part's life data display means that displays the 
aforementioned use start date, operating period, replacement period, and other part's life data, 
and a part replacement history list file that stores the aforementioned part's life data. 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a process controller and a data monitoring method that 
can be applied to a control instrumentation system used for controlling printing, etc. 

[0002] 
Prior art 

Figure 10 shows a monitor panel for displaying the operating status of a conventional 
process controller in an instrumentation control system to the operator according to the 
Maintenance Inspection Summary of Mitsubishi General Instrumentation Control System 
MACTUS530 (IB-62527-A, published in June 1993). Figure 1 1 is a schematic oblique view of 
the process controller. In Figure 10, (25)-(29) represent LED display units for displaying the 
operating status of the process controller. More specifically, (25) represents a serious problem 
LED display unit; (26) represents a light problem LED display unit; (27) represents a CPU 
power supply abnormality LED display unit; (28) represents an I/O power supply abnormality 
LED display unit; and (29) represents a low-battery LED display unit. (30) is a logic diagram 
illustrating the cause of the serious problems, and (31) is a logic diagram illustrating the cause of 
the light problems. 

[0003] 

The operation will be explained below. The operator of the process controller determines 
whether the instrumentation control system works properly or is experiencing some problems by 
monitoring serious problem LED display unit (25) and light problem LED display unit (26). 
Each of LED display units (25)-(29) is turned on when the system works properly and is turned 
off when an abnormality occurs. 

[0004] 

When serious problem LED display unit (25) is turned off, it means that a serious 
problem occurs in the process controller. Subsequently, the cause of the serious problem is traced 
by using logic diagram (30), and the abnormal part is specified. For example, if CPU power 
supply abnormality LED display unit (27) and I/O power supply abnormality LED display unit 
(28) are turned off, it means that the abnormal parts are the CPU power supply and I/O power 
supply where the serious problem of the system occurs. Then, the process controller is stopped, 
and the broken CPU power supply and I/O power supply are replaced to recover the 
instrumentation control system. 
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[0005] 

Similarly, if light problem LED display unit (26) is turned off, it means that a light 
problem occurs in the process controller. The cause of the light problem is traced by using logic 
diagram (31), and the abnormal part is specified. For example, if low-battery LED display unit 
(29) is turned off, it becomes necessary to replace the battery with a new one because the battery 
power is low. 

[0006] 

Problems to be solved by the invention 

Since the monitor panel of the conventional process controller has the aforementioned 
configuration, it is possible to determine whether each part is normal or abnormal. However, it is 
impossible to determine whether a part has reached its service life limit and needs to be replaced 
by simply observing the monitor panel. The operator must prepare a part replacement table 
periodically and confirms the part replacement period according to this table. This is 
inconvenient. 



[0007] 

The purpose of the present invention is to solve the aforementioned problem by providing 
a process controller that can prevent the occurrence of problems, simplify maintenance 
inspection, and shorten inspection time by automatically monitoring the replacement periods of 
the parts of the process controller with a service life. 

[0008] 

Means to solve the problems 

The process controller disclosed in the first part of the present invention is equipped with 
a setting means (setting switch (9)) that can set the use start dates and the replacement periods of 
the constituent parts with a service life, a calculating means (15a) that is used calculate the 
operating period from the aforementioned use start date to the current date, a warning signal 
output means (15b) that can output a warning signal when the aforementioned operating period 
exceeds the replacement period, and part's life data display means (use start date display unit (4), 
operating period display unit (5), and replacement period display unit (6)) which displays the 
aforementioned use start date, operating period, replacement period, and other part's life data. 



6 



[0009] 

The data monitoring method disclosed in the second part of the present invention is 
characterized by the fact that a process controller P used for controlling control objects is 
connected to a host man-machine monitoring device (18) so that the part's life data generated in 
the aforementioned process controller P can be monitored with said man-machine monitoring 
device (18). 

[0010] 

The data monitoring method disclosed in the third part of the present invention is 
characterized by the fact that a process controller P used for controlling control objects is 
connected to a telephone line (95) so that the part's life data generated in the aforementioned 
process controller P can be monitored with a telephone (92) or a facsimile machine (93). 

[0011] 

The data monitoring method disclosed in the fourth part of the present invention is 
characterized by the fact that a process controller P used for controlling control objects is 
connected to a programming tool (20) so that the part's life data generated in the aforementioned 
process controller P can be monitored with said programming tool (20). 

[0012] 

The process controller disclosed in the fifth part of the present invention is equipped with 
a setting means (setting switch (9)) that can set the use start dates and the replacement periods of 
the constituent parts with a service life, a calculating means (15a) that is used calculate the 
operating period from the aforementioned use start date to the current date, a warning signal 
output means (15b) that can output a warning signal when the aforementioned operating period 
exceeds the replacement period, a part's life data display means (use start date display unit (4), 
operating period display unit (5), and replacement period display unit (6)) that displays the 
aforementioned use start date, operating period, replacement period, and other part's life data, 
and a part replacement history list file (23) that stores the aforementioned part's life data. 

[0013] 
Operation 

For the process controller disclosed in the. first part of the present invention, the use start 
dates and replacement periods of the constituent parts with a service life are set by setting means 
(setting switch (9)), and the operating periods from the use start dates to the current date are 
calculated with calculating means (15a). Also, the use start dates, replacement periods, and 
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operating periods are displayed on the part's life data display means (use start date display unit 
(4), replacement period display unit (6), and operating period display unit (5)). If the operating 
period exceeds the replacement period, a warning signal will be output from warning signal 
output means (15b). 

[0014] 

In the data monitoring method disclosed in the second part of the present invention, the 
part's life data generated by process controller P are sent to host man-machine monitoring device 
(18) so that they can be monitored by host man-machine monitoring device (18). 

[0015] 

In the data monitoring method disclosed in the third part of the present invention, the 
part's life data generated by process controller P are sent to telephone (92) or facsimile machine 
(93) through a telephone line (95). In this way, the part's life data can be monitored with 
telephone (92) or facsimile machine (93). 

[0016] 

In the data monitoring method disclosed in the fourth part of the present invention, part's 
life data generated by process controller P are sent to programming tool (20) so that they can be 
monitored by programming tool (20). 

[0017] 

For the process controller disclosed in the fifth part of the present invention, the use start 
dates and replacement periods of the constituent parts with a service life are set by setting means 
(setting switch (9)), and the operating periods from the use start dates to the current date are 
calculated with calculating means (15a). Also, the use start dates, replacement periods, and 
operating periods are displayed on the part's life data display means (use start date display unit 
(4), replacement period display unit (6), and operating period display unit (5)). If the operating 
period exceeds the replacement period, a warning signal will be output from warning signal 
output means (15b). Also, the part's life data are stored in part replacement history list file (23). 

[0018] 

Application examples 
Application Example 1 

In the following, Application Example 1 of the present invention will be explained with 
reference to the figures. Figure 1 is a block diagram illustrating the configuration of the process 
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controller disclosed in Application Example 1 of the present invention. In Figure 1, controller 
part (51) is equipped with CPU (11), clock circuit (12), and communication interface 
(communication I/F) (13). Service life panel part (52) is equipped with communication interface 
(14), CPU (15), program ROM (16), memory (17), part selection display unit (1), part's service 
life expiration warning display unit (2), current date display unit (3), use start date display unit 
(part's life data display means) (4), operating period display unit (part's life data display means) 
(5), replacement period display unit (part's life data display means) (6), part selecting switch (7), 
set item selecting switch (8), setting switch (setting means) (9), and set data changing switch 
(10). Said display units (1) and (2) are realized with LED, while said display units (3)-(6) are 
realized with English numeral LEDs. Controller part (51) and life panel part (52) are connected 
to each other via communication line (111). Setting switch (9) in said life panel part (52) is a 
setting means that can set the use start dates and replacement periods of the parts with a service 
life, such as power supply device, fan, filter, and battery (not shown in the figure) in the process 
controller. CPU (15) is equipped with calculating means (15a), which calculates the operating 
period of each part from the use start date to the current date, and warning signal output means 
(15b) which can output a warning signal if the aforementioned operating period exceeds the 
replacement period. Figure 2 is a schematic diagram illustrating the appearance of display panel 
(53) on said life panel part (52). As described above, display panel (53) is equipped with part 
selection display unit (1), part's service life expiration warning display unit (2), current display 
unit (3), use start date display unit (4), operating period display unit (5), replacement period 
display unit (6), part selecting switch (7), set item selecting switch (8), setting switch (9), and set 
data changing switch (10). 

[0019] 

CPU (15) in life panel part (52) shown in Figure 1 controls part selection display unit (1), 
part's service life expiration warning display unit (2), current display unit (3), use start date 
display unit (4), operating period display unit (5), replacement period display unit (6), part 
selecting switch (7), set item selecting switch (8), setting switch (9), and set data changing switch 
(10). Program ROM (16) stores a program used for the control of CPU (15). Memory (17) stores 
the use start dates, operating periods, replacement period, etc. of the parts. In order to recognize 
the current date, life panel part (52) communicates with CPU (11) of controller part (5 1 ) via 
communication interfaces (13) and (14) and communication line (1 1 1) and reads out the time of 
clock circuit (12) of controller part (51). 
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[0020] 

The display contents and the operating method of display panel (53) shown in Figure 2 
will be explained below. In the process controller, the parts whose service lives are to be 
confirmed are selected by part selecting switch (7). At present, the corresponding part selection 
display units (1) are turned on in accordance with the parts selected. The use start date and 
operating period of each part are displayed on use start date display unit (4) and operating period 
display unit (5). The operating period displayed on operating period display unit (5) is obtained 
by subtracting the use start date displayed on use start date display unit (4) from the current date 
displayed on current date display unit (3). Thus, it is possible to confirm how long the part has 
been used. Also, the replacement period of the part is displayed on replacement period display 
unit (6). According to the contents of operating period display unit (5) and replacement period 
display unit (6), it is possible to confirm how much longer the part can be used. The operating 
period is calculated by operating period calculating means (15a). If the operating period 
displayed on operating period display unit (5) exceeds the replacement period displayed on 
replacement period display unit (6), it means that it is time to replace the part. The part's ser/ice 
life expiration warning display unit (2) is turned on with a warning signal sent from warning 
signal output means (15b) to inform the operator that it is time to replace the part. The contents 
of current date display unit (3), use start date display unit (4), and replacement period display 
unit (6) can be changed on the life display panel. To change the display contents, the items to be 
changed are first selected by set item selecting switch (8). Then, the values of the data are 
changed with set data changing switch (10). After the changes are made, the changed contents 
are registered by pressing setting switch (9). 

[0021] 

The operation of CPU (15) of life panel part (52) will be explained below with reference 
to the flow chart shown in Figures 3-5. First, the flow chart of Figure 3 shows the display 
processing of part's service life expiration warning display unit (2). CPU (15) of life panel part 
(52) reads out the time of clock circuit (12) in controller part (51) through communication 
interface (14) to recognize the current date (step ST1). Then, the use start date is read from 
memory (17) (step ST2). The use start date is subtracted from the current date to calculate the 
operating period which is then stored in memory (17) (step ST3). The replacement period is then 
read from memory (17) and compared with the operating period (step ST4). If the operating 
period exceeds the replacement period, part's service life expiration warning display unit (2) is 
turned on (step ST5). The process from step ST2 to step ST5 is carried out for all of the parts 
(step ST6). 
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[0022] 

Subsequently, the flow chart of Figure 4 shows the set changing process for the current 
date, use start date, and replacement period. First, it is confirmed whether the current has been 
changed (step ST7). If there is a change, time (12) of clock circuit (12) in controller part (51) is 
corrected (step ST8). Then, the part selected by part selecting switch (7) is recognized (step 
ST9). It is then confirmed whether the use start date and replacement period are changed (step 
ST1 0 and ST1 2). If they are changed, the contents concerned with the use start date and 
replacement period stored in memory (17) are changed (step ST1 1 and step ST13). 

. [0023] 

Subsequently, the flow chart of Figure 5 shows the display processing of each of display 
units (3)-(6). Current data display unit (3) reads out and displays the time of time clock (12) in 
controller part (51) (step ST14). After the part selected by part selecting switch (7) is recognized 
(step ST15), the use start date, operating period, and replacement period are displayed on use 
start date display unit (4), operating period display unit (5), and replacement period display unit 
(6) by reading the contents of the corresponding part from memory (17) (step ST16). 

[0024] 

Application Example 2 

In said Application Example 1, display panel (53) comprises display units (1) and (2) 
made up of LED, display units (3)-(6) made of English numeral LEDs, and switches (7)-(10). In 
Application Example 2, however, as shown in Figure 6, it is also possible to use liquid-crystal 
touch panel display device (61). In this way, the device can be further miniaturized, while the 
same effect as that of said Application Example 1 can be realized. 

[0025] 

Application Example 3 

In said Application Examples 1 and 2, the life panel part of the process controller must be 
operated by an operator to confirm the service lives of the parts. However, as shown in Figure 7, 
the life data of each part stored in the life panel part can also be displayed on a host 
man-machine monitoring device (18) via a system bus (71) to confirm the status of the parts with 
a service life for each of process controllers Pl-Pn. It is also possible to use a telephone line (74) 
to automatically ring a telephone (72) or to use a FAX (facsimile) machine (19) at the permanent 
address of the operator when the service life of a part expires. In this way, the parts of process 
controllers Pl-Pn with a service life can be monitored remotely. It is also possible to connect 
process controllers Pl-Pn to a programming tool (20) to display the service life data via 
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communication interface (75). In this way, process controllers Pl-Pn can be monitored while 
they are being adjusted. 

[0026] 

Application Example 4 

Ln said Application Examples 1, 2, and 3, only service lives are displayed. As described 
in Application Example 4, however, the part replacement history can be printed out with a 
printer, which is connected to a host man-machine monitoring device or a programming tool, and 
stored as a document. 

[0027] 

Figure 8 is a block diagram illustrating the configuration of a system including a process 
controller disclosed in Application Example 4 of the present invention. In Figure 8, the same 
reference numbers are assigned to the parts equivalent to those shown in Figure 1, respectively, 
and the explanation for these parts is omitted. In Figure 8, controller part (51) of process 
controller P is also equipped with part replacement history file (23) which stores the part's life 
data generated in life panel part (52), system bus interface (82) which acts as the interface with 
host man-machine monitoring device (18), telephone line interface (81) which acts as the 
interface with telephone line (95) connected to telephone (92) or facsimile machine (93), and 
programming tool interface (83) which acts as the interface with programming tool (20) in 
addition to CPU (11), clock circuit (12), and communication interface (13) which are also used 
in Application Example 1. Host man-machine monitoring device (18) is equipped with system 
bus interface (84) which acts as the interface with controller part (51), part replacement history 
file (24) which stores the part's life data sent from controller part (51), CRT interface (86) which 
acts as the interface with CRT (90), keyboard interface (87) which acts as the interface with 
keyboard (91), printer interface (88) which acts as the interface with printer (21), and CPU (85) 
which controls the aforementioned constituent elements. Host man-machine monitoring device 
(18) and controller part (51) are connected via system bus (94). Printer (22) is connected to 
programming tool (20). 

[0028] 

The operation will be explained below. The part replacement contents generated in life 
panel part (52) are stored as a part replacement history list, such as the one shown in Figure 9, in 
part replacement history file (23) in controller part (51) through communication interface (14), 
communication line (1 1 1), and communication interface (13). The part's life data are also stored 
as a part replacement history list in part replacement history file (24) of host man-machine 
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monitoring device (18) through system bus interface (82), system bus (94), and system bus 
interface (84). When the part's life data stored in part replacement history file (23) of controller 
part (51) are sent to programming tool (20), the part replacement history list can be printed by 
printer (22) and output. Also, when the part's life data are sent to telephone (92), an alarm can be 
generated. When the part's life data are sent to facsimile machine (93), the replacement history 
list can be printed and output. When the part's life data stored in part replacement history file 
(24) of host man-machine monitoring device (18) are sent to printer (21), the part replacement 
history list can be printed and output. Since the content of part replacement history file (24) is 
displayed on CRT (90), the content can be amended by operating keyboard (91). Since the part 
replacement history list used in Application Example 4 can be generated automatically, the 
maintenance inspection performed by the operator can be simplified, and the time can be 
shortened. 

[0029] 

Effects of the invention 

As explained above, the process controller disclosed in the first part of the present 
invention is equipped with a setting means which can set the use start dates and replacement 
periods of the constituent parts with a service life, a calculating means that can calculate the 
operating period from the use start date to the current date, a warning signal output means that 
can output a warning signal when the aforementioned operating period exceeds the replacement 
period, and a part's life data display means which can display the aforementioned use start dates, 
operating periods, replacement period, and other part's life data. Consequently, the times for 
replacing the parts of the process controller with a service life can be detected automatically and 
confirmed easily. In this way, the problems can be prevented before they occur. Also, the 
maintenance inspection operation can be simplified, and the inspection time can be shortened. 

[0030] . 

According to the second part of the present invention, a process controller used for 
controlling control objects is connected to a host man-machine monitoring device so that the 
part's life data generated in the aforementioned process controller can be monitored by the 
aforementioned man-machine monitoring device. Consequently, the times for replacing the parts 
of the process controller with a service life can be monitored from a central monitoring room. In 
this way, problems can be prevented before they occur. Also, the maintenance inspection 
operation can be simplified, and the inspection time can be shortened. 
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[0031] 

According to the third part of the present invention, a process controller used for 
controlling control objects is connected to a telephone line so that the part's life data generated in 
the aforementioned process controller can be monitored via telephone or a facsimile machine. 
Consequently, the times for replacing the parts of the process controller with a service life can be 
monitored remotely. In this way, problems can be prevented before they occur. Also, 
maintenance inspection can be simplified, and the inspection time shortened. 

[0032] 

According to the fourth part of the present invention, a process controller used for 
controlling control objects is connected to a programming tool so that the part's life data 
generated in the aforementioned process controller can be monitored with the aforementioned 
programming tool. Consequently, the times for replacing the parts with a service life can be 
monitored while the process controller is being adjusted. In this way, problems can be prevented 
before they occur. Also, the maintenance inspection operation can be simplified and the 
inspection time shortened. 

[0033] 

The process controller disclosed in the fifth part of the present invention is also equipped 
with a part replacement history list file which stores the part's life data in addition to the setting 
means, calculating means, warning signal output means, and the part's life data display means of 
the process controller disclosed in the first part of the present invention. Consequently, the same 
effects as those of the first part of the present invention can be realized, and the part replacement 
history list can be output. In this way, the maintenance inspection operation can be further 
simplified and carried out in a shorter period of time. 

Brief description of the fieures 

Figure 1 is a block diagram illustrating the configuration of the process controller 
disclosed in Application Example 1 of the present invention. 

Figure 2 is a diagram illustrating the display panel used in Application Example 1 . 

Figure 3 is a flow chart illustrating the service life expiration warning output processing 
in Application Example 1. 

Figure 4 is a flow chart illustrating the set changing processing in Application Example 1 . 

Figure 5 is a flow chart illustrating the panel display processing in Application 
Example 1. 
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Figure 6 is a diagram illustrating the appearance of the liquid-crystal touch panel display 
device disclosed in Application Example 2 of the present invention. 

Figure 7 is a diagram illustrating a system including the process controller disclosed in 
Application Example 3 of the present invention. 

Figure 8 is a block diagram illustrating the configuration of a system including the 
process controller disclosed in Application Example 4 of the present invention. 

Figure 9 is a diagram illustrating the part replacement history list in Application 
Example 4. 

Figure 10 is a diagram illustrating the monitor panel of a conventional process controller. 
Figure 1 1 is a schematic oblique diagram illustrating a conventional process controller. 

Explanation of symbols 



1 Part selection display unit 

2 Part's service life expiration warning display unit 

3 Current date display unit 

4 Use start date display unit (part's life data display means) 

5 Operating period display unit (part's life data display means) 

6 Replacement period display unit (part's life data display means) 

7 Part selecting switch 

8 Set item selecting switch 

9 Setting switch (setting means) 

1 0 Set data changing switch 
11, 1-5,85 CPUs 

12 Clock circuit 

13, 14, 75 Communication interfaces 

16 Program ROM 

17 Memory 

. 1 8 Host man-machine monitoring device 

20 Programming tool 

21,22 Printers 

23, 24 Part replacement history files 

25 Serious problem LED display unit 

26 Light problem LED display unit 

27 CPU power supply LED display unit 

28 I/O power supply LED display unit 

29 Low-battery LED display unit 
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30 


Serious problem logic diagram 


31 


Light problem logic diagram 


51 


Controller part 


52 


Life panel part 


53 


Display panel 


61 


Liquid-crystal touch panel display device 


P,Pl,Pn 


Process controllers 


71,94 


System buses 


72, 92 


Telephones 


73, 93 


Facsimile machines 


74 


Telephone line 


81 


Telephone line interface 


82, 84 


System bus interfaces 


83 


Programming tool interface 


86 


CRT interface 


87 


Keyboard interface 


88 


Printer interface 


90 


CRT 


91 


Keyboard 


111 


Communication line 



Key: 1 
2 
3 
4 




Figure 1 

Part selection display unit 

Part's service life expiration warning display unit 

Current date replacement period 

Use start date display unit 



5 Operating period display unit 

6 Replacement period display unit 

7 Part selection switch 

8 Set item selection switch 

9 Setting switch 

1 0 Set data changing switch 
1 2 Clock circuit 

13, 14 Communication I/Fs 

1 5a Calculating means 

1 5b Warning signal output means 

16 Program ROM 

1 7 Memory 

1 1 1 Communication line 

51 Controller part 

52 Life panel part 
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Figure 2 



A Display panel 

1 Part selection 
CPU power supply 
I/O power supply 
Fan 

Filter 
Battery 

2 Service life expiration warning 

3 Current date: September 3, 1994 

4 Use start date: January 1, 1994 

5 Operating period: 8 months and 2 days 

6 Replacement period: 5 years 

7 Part selection 

8 Set item 

9 Setting 



10 Set data change 
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Key: A Service life expiration warning output processing 

STl The time of the controller CPU is read out and taken as the "current date." 

ST2 The "use start date" is read out from the memory. 

ST3 "Current date" - "use start date" -> "operating period" is calculated and stored 

in the memory. 

ST4 "Replacement period" < "operating period" 

ST5 The part's service life expiration warning display unit is turned on. 

ST6 . Completed for all the parts? 



IS 




ST8 



ZOKHCPU 




Figure 4 

Key: A Set changing processing 

ST7 Is the "current date" changed? 

ST8 Correct the time of the controller CPU 

ST9 The corresponding part is recognized by the part selecting switch. 

ST10 Is the "use start date" changed? 

ST1 1 The "use start date" stored in the memory is changed. 

ST 12 Is the "replacement period" changed? 

ST1 3 The "replacement period" stored in the memory is changed. 
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Figure 5 

Key: A Panel display processing 

ST14 The time of the controller CPU is read out, and the "current date" is displayed. 
ST 15 The corresponding part is recognized by the part selecting switch. 
ST 16 The "use start date," "operating period," and "replacement period" of the 
corresponding part are read out from the memory and displayed. 
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Figure 6 

Life picture 

Item: CPU power supply 
Current date: September 3, 1994 
Use start date: January 1, 1994 
Operating period: 8 months and 2 days 
Replacement period: 5 years 
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Liquid-crystal touch panel display device 
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Display of controller PN 
Item: CPU power supply 
Use start date: January 1, 1994 
Operating period: 8 months and 2 days 
Replacement period: 5 years 
Life display 
Process controller 
Process controller 

Host man-machine monitoring device 

Programming tool 

System bus 

Service life warning 

Telephone line 

Communication interface 
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Figure 8 

Key: A List output 

B Di sp 1 ay/amendment 

C Host man-machine monitoring device 

D Display 

E Amendment 

F Controller part 

G Life panel part 

P Process controller 

12 Clock circuit 

1 3 Communication I/F 

14 Communication I/F 

16 Program ROM 

1 7 Memory 

20 Programming tool 

21 Printer 

22 Printer 

23 Part replacement history file 

24 Part replacement history file 

81 Telephone line I/F 

82 System bus I/F 

83 Programming tool I/F 
88 Printer I/F 

84 System bus I/F 

91 Keyboard 

92 Alarm 

94 System bus 
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Figure 9 

Key: 1 . Process controller Pn 

2 Part replacement history list 

3 Preparation 

4 Verification 

5 Confirmation 

6 Replacement date 

7 April 1,1989 
April. 5, 1990 
April 15, 1991 
April 13, 1992 
April 2, 1993 
April 17, 1994 

8 Parts with a service life 

9 CPU power supply 

10 I/O power supply 

11 Fan 

12 Filter 

13 Battery 

14 The values in the table are the accumulated times of replacement, and — means no 
replacement is made. 
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Abstract— Historically, the semiconductor industry has been 
extremely capital Intensive with terrible process equipment uti- 
lization rates. The industry is highly competitive and is continu- 
ously striving for faster device performance leading to rapidly 
shrinking (less than 1 fim) chip geometries. These rapid lechnol- 
oty changes demand Introduction of more accurate and high 
resolution equipment leading to escalated capital costs with low 
reliability. Net result: manufacturing cost containment becomes 
a challenge! 

A comprehensive equipment performance management sys- 
tem becomes a vital tool to foens on opportunities (o better 
utilize equipment In a competitive environment Recognizing 
thh n«ed, Intel hat embarked on an aggre«tiv« Un man-year 
computer system development and deployment effort to improve 
equipment utilization at all its manufacturing facilities. This 
article discusses (he features of the equipment management 
system and the Joint effort by Sematech and Intel to develop an 
equipment performance analysis system that lay (he foundation 
for an industry-wide standard for the first time. 



I. Introduction 

IN THE 1970's, the semiconductor industry thrived on 
technological innovations. Since it was a growth industry, 
demand was ahead of supply. Most semiconductor companies 
ran their manufacturing shops akin to laboratories and en- 
joyed high profit margins. The situation today is quite differ- 
ent To survive in the 1990's, semiconductor companies must 
reduce die manufacturing costs and strive for high product 
quality. 

What are the impediments to meeting the goal of reduced 
die manufacturing costs? With wafer fabrication moving to 
submicrometer technology, the cost of the equipment has 
gone up considerably. Couple this with an inherently low 
equipment utilization rate and poor reliability in the industry, 
manufacturing cost reduction and quality improvement be- 
come major challenges. 

In a complex manufacturing scenario, the use of a standard 
corporate wide equipment data acquisition and management 
system to improve reliability, availability, and maintainability 
of equipment is a definite competitive advantage. This paper 

Manuscript received July 1, 1990; roviaed April 3, 1991. TMt paper wu 
praented it the Ninth Interaadonal Electronic Manufacturing Technology 
Syrapoiiurfi, Washington, DC, October 1-3, 1990. 

The iuthort arc with the Intel Corporation, Chandler, AZ S5226. 

IEEE Log Number 9101 108. 



describes Intel's efforts to define, design, develop, and imple- 
ment such a system. The equipment management system was 
layered on top of the computer-aided manufacturing (CAM) 
system, WORKSTREAM,™ used in the company. 

A key by-product of the equipment performance manage- 
ment system introduction is a vastly improved user interface 
to WORKSTREAM. 

Application migration in a rapidly changing distributed 
aj-chitecture and integration with expert systems and station 
controllers is given a brief treatment. 

n. Project Approach 

After establishing the need for an equipment performance 
management system, Intel analyzed two seen*-- to deter- 
mine the platform for development- 

1) proliferate a 

2) layer the ^ system 
on the CA 




oped. 



A total<ost l 
Factors considere 

• development ■ 

• pilot costs; 

• proliferation cc 

• product support 

• short and long architecture implications on the 
CAM system. 

The model showed that the stand-alone system was 1.75 
times costlier than an integrated layered application on the 
CAM system. This was primarily due to the high cost of 
productizing a stand-alone system and the associated support 
through its life cycle. The stand-alone system required devel- 
opment of a number of interfaces to other shop floor control 
applications. Production support for the stand-alone system 
was more as support personnel were needed for both the 
stand-alone system and the CAM system. Figs. 1 and 2 
summarize the results of the total cost model. 

HI. Computer-Aided Manufacturing (CAM) 
The primary purpose of earlier generation CAM systems 
was to provide a data base for managing work in process 

™ WORKSTREAM is a product of Consilium Loc, Mountain View. CA. 
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Fig. I. Comparison of nonrecurring cost. 








100% 






70 % 


■H 


OX 

2£ 

o 






INTI 
CAM 


► 



Rg. 2. Companion of recurring cos. 

(W) The CAM system provided engineers a window into 
the behavior of the manufacturing process. This was achieved 
via engineering data gathered at various steps of the manufac- 
turing process. However, such a system solves only part of 

l?ritr ^ With "-"during. A comprehen- 
s.ve CAM system that can correlate WB> information with 
equipment data can provide the following benefits. 

• Tracing yield losses to specific equipment. 

. Tracking equipment performance (productive idle 
down). 

• Ensuring mat a proper recipe is being used on the 
cSnT' 3 iS pr0CCSSed 10 P fevent ^pro- 

. Allowing only personnel trained on the specific equip- 
ment to process products. 

. Preventing processing of products in the event of statisti- 
cal process control violations of critical equipment pa- 
rameters. 

. Tracking equipment output (number of units processed) 

• Scheduling preventive maintenance (PM) based on 
equipment usage (wafers processed, runs completed 

m«S' I ^ m0dCl ° f 8 tt** CAM system The 

model shows only the core modules of the system 

IV. Requtremekts for a* Equipment Management SYoTEM 
During the requirements definition phase, Intel reviewed 

in^CcSsi? fc uscr ~ ^ 
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Fig. 3. Model of WORK STREAM core modules. 

• equipment failure/performance data collection - 

• equipment monitor-data collection with capability to at- 
tach statistical process control charts- 

' p™?W nt ° f SChCdUled 0 " ^ ui P men( frxam- 

• paper reduction through elimination of equipment con- 
mumcaaon log books, dau collection forms etc- 

• paperless tool to manage statistical process 'control rule 
violations; 

. user friendly module to analyze equipment failure/per- 
formance data (MTBF, MTTR, MWBF, etc.). 

Four new modules were integrated into WORKSTREAM 
to meet the requirements of a corporate wide equipment 
Str^ ^ancements to the staled 
WORKSTREAM modules were implemented. Also an 
equipment performance analysis module was developed ' 

F,g 4 shows an overview of the equipment performance 
management system model. The following are the four new 
modules integrated into WORKSTREAM 

1) The custom data collection (CDC) module helps .o 
gather equipment failure data in a structured manner 
and also provides a friendly user interface to gather 
equipment monitor data. 

2) PM<hecklist data collection module allows the user to 
collect checklist data during preventive maintenance 
The schedule-messages module displays warning m«- 
" gM , t0 uscr on upcoming scheduled activities 

4) The alarm-management module allows the user to man- 
age statistical process control rule violations. 

V. Equipment Failure/Monitor Data 

imlZ^T reUability 8nalySiS: my " ^ ui P mcnt «"abiljty 
ump^vement system must provide a structured mechanism 
for collecting repair/breakdown information Also the 
tern should allow the operators/technicians to enter' raw £u 
and automatically perform complex calculations baL on 
user defined formulas. on 
The CDC module allows equipment engineers to define 
equipment m terms of its subsystem and sVb-subsystem « 
flunked m Fig. 5. Verbs are defined describing 2c ^ 
taken by technicians to rectify a failure. Breakup of tS 
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Fig. 4. Equipment performance/failure management overview model. 
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Fig. 5. Equipment classification for failure data collection. 

equipment is stored in a table, which is pan of the general 
table system (GTS) in WORKSTREAM. 

How does one gather equipment failure data? When a 
technician logs a transaction at the completion of a repair, 
three screens are displayed in sequence. In the first screen, 
the technician makes a choice from a list of action verbs. In 
the second and third screen, the technician selects the subsys- 
tem (Autoloader, etc.) and the sub-subsystem (Bearing, Con- 
trol Board, etc.), respectively. Capability exists to collect up 
to four levels of equipment failure data. The tool to analyze 
equipment failure data will be discussed in a later section. 

Another important feature of the CDC module is the 
capability to customize a screen for gathering equipment 
monitor data. It serves the following objectives: 1) miiiiinizes 
manual computations done by operators; 2) eliminates paper 
data collection forms from the floor; and 3) validates data 
entry. 

Collecting data for a large sample size can be very cum- 
bersome. To ease data entry, design of the screen layout 
becomes very important. 

An engineer can define the screen layout for equipment 
monitor data collection using a forms management system 
(FMS™). This customized screen is integrated into WORK- 
STREAM and is displayed at the rime .of data collection. 

Several complex data collection screens have been de- 
signed and implemented across the company. Fig. 6 illus- 
trates one such application. In the illustrated example, an 
operator will enter the focus measurements. Based on a 
formula, the system will display if any focus adjustment has 
to be made on the Ultra tech Stepper. 

Statistical process control charts can be attached and dis- 
played with control limits for equipment monitor data. To 
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FMS b a product of Digital Equipment Corp. 



ADJUSTMENT REQUIRED : YES 
Fig. 6. Example of engineering dala collection. 

prevent wafer processing on the equipment, in case of critical 
equipment monitors violating SPC rules, the equipment can 
be placed in a ''DOWN" state. 

VI. Factory Communication 

For the smooth running of a facility communication be- 
tween operators, technicians, supervisors, and engineers, 
regarding the current operational state and future scheduled 
downtimes of equipment, is vital. 

Functionality was incorporated within WORKSTREAM to 
provide a snapshot of the current state of all machines in any 
given functional area of the factor. Information displayed 
includes: 

• current equipment state (repair, waiting for parts, etc.); 

• failure mode of the equipment; 

• name of the technician fixing the equipment; 

• date and time of an upcoming PM. 

In practice, display monitors are placed in each functional 
area of the shop Moor. Fig. 7 shows a monitor screen as 
displayed in a functional area. 

A. Event Schedule Management 

In any given facility, several types of events are scheduled 
to be performed on equipment. Events include: 

• calender-based PM (monthly PM, annual PM, etc.); 

• usage-based PM (500 run PM, 40 run chamber clean, 
etc.); 

• events triggered due to equipment monitor data viola- 
tions. 

Managing the schedules of all events manually, has the 
following limitations: 

• paper has to be used for communication; 

• poor visibility into performance of events against sched- 
ule; 

• schedules not accessible to all in a timely manner; 

• requires a dedicated person to maintain the schedules; 

• equipment usage counters (number of runs, number of 
wafers) have to be maintained on paper. 

Such manual systems were prevalent at various facilities. 

In order to overcome the limitations of a manual system, 
the event scheduler of WORKSTREAM was adopted. Only 
calendar-based events were scheduled by the scheduler. To 
ensure visibility and high effectiveness of the schedules, the 
equipment was placed in a "DOWN" state, if any event was 
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overdue. This prevented wafer processing on the equipment, 
until the scheduled event was performed (e.g., PM). 

B. Event Schedule Communication 

Communication of scheduled events to personnel operating 
a machine serves two purposes. First, it provides the visibil- 
ity of upcoming events, so that they get done on time to 
prevent any yield losses and unscheduled downtime Sec- 
ondly, it allows supervisors and engineers to plan for sched- 
uled down time without interrupting the flow of WLP. 

How do we communicate the schedule to the user'? Com- 
municating via a report turns out to be ineffective. The users 
need to be warned ahead of time on upcoming events that 
need attention. The schedule-messages module has the capa- 
bility to provide the warning message. 

What is a good place to display warning messages? A user 
performs certain transactions on an equipment on a regular 
basis. Such transactions include: viewing equipment history 
viewing equipment definition, changing the state of equip- 
ment, etc. When the user is at a station performing a transac- 
tion, a warning message is displayed. The message includes 
warnings on all upcoming events for the equipment under 
consideration. The following is the format of warning mes- 
sages displayed to the user: 

• "500 wafer-PM is due in 20 wafer(s);*' 

• "160 run chamber-clean is due in 10 run(s);" 

• "Monthly PM is due in 12 h and 15 min."' 

The schedule-messages module allows the definition of 
triggering conditions for the display of warning messages 
The module can be configured, such that warning messages 
can be displayed while performing selected transactions on 
equipment. Finally, the user is allowed to inquire about all 
existing warning messages for a functional area. 

VII. Paperless Manufacturing 
Paper, one of the sources of particle generation in the 
fabrication facility (clean room), needs to be eliminated at all 
costs. Paper log books are mainly used on the floor to 
document equipment repairs. The log serves as a communica- 
tion medium for personnel working in different shifts. A log 
is maintained for each piece of equipment. For an engineer 
mamtaining a group of machines, access to all the equipment 
logs becomes cumbersome. 

A second source of paper related to equipment is the PM 
checklist. For every PM procedure performed on equipment, 
a checklist has to be filled out. 

A. Equipment Communication Log 

Tools were developed to allow users to maintain equip- 
ment logs as part of equipment history within the CAM 

a*S^OCO <X= ... ?62642A„.l.> 
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Fig. 7. Display of cuireiu stale of machines in a functional area. 
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system. Capability was provided within WORKSTREAM to 
enter unlimited comments to the history of the machine A r 
inquiry was developed to view the history of a specific 
machine or group of machines. The inquiry can filter history" 
data for any ^ hoc ume period. Using this inquiry, a us^r 
can obtain the following information: 

• products processed on a specific machine- 

• sss n r od,ted with a machme (cxamp,c: ^ 

• engineering monitors collected on a machine- 

• engineering monitors which violated statistical process 
control rules. F 

Fig. 8 illustrates an equipment repair history inquiry. 

B. PM Checklist Data 

The WORKSTREAM SPEC module is widely used for 
storing and retrieving process and equipment PM specific 
uon As part of PM specifications, technicians who perform 
PMs need to fill out a checklist. A checklist includes a 
sequence of questions regarding the PM being performed 
The purpose of a checklist is to ensure completion of a PM 
procedure and serve as a control and history document for 
audits. It also drives effective PM's. 

In addition to answering questions on the PM performed 
engineering data (pressure readings, temperature readings' 
parade counts, etc.) may have to be gathered. Before me 
machine ts turned over to production, all mandatory steps 
defined for the checklist must be completed. A tecLS 
must be able to view a PM specification to complete the steps 
m a checklist. For future reference/audit, checklist data have 
to be retained as part of equipment history 
PM wa * devel °P«l to meet the requirements of 

PM checklist data collection. The module allows an engineer 
to define various steps of a checklist that need to be com- 
pleted as part of a PM procedure. 

How does one interact with the checklist? A technician can 
walk up to a station and log a transaction to flag the com- 
mencement of a PM procedure for an equipment At this 
point two things happen. First, the checklist Lsociated ^ 

1 ¥ fr^T " 0pCnWl - SeCOnd - me updates 
the schedule of the corresponding PM 

as the PM procedure progresses. The steps can be processed 
a any order. In practice, a technician may find problems 
whde performing a step (e.g., „ ot able to set a eage to the 
nght value). The technician would idenufy tne^tep as 
probiem step and associate his comments for futune refer- 
encc. 

Engineers can monitor the progress of a checklist at any 
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Fig. 8. Contents of equipment communication log. 

point in time. When the checklist Ls closed successfully, the 
checklist steps arc stored as part of equipment history. The 
users have the ability to pull checklist information from the 
history of equipment. Fig. 9 illustrates a PM checklist during 
processing. 

VII. Equipment Rjeuablljty, Avajlablljty, 
Majnttain ability (ERAM) Analysis 

In the earlier sections, the mechanics of gathering equip- 
ment failure and performance data via the CAM system were 
discussed. However, how does the end user get his key 
indicators on equipment reliability with minimal training and 
effort? A five man year effort culminated in one such system 
for the end user. The user can generate plots of key indica- 
tors like availability, utilization, MTTR, MTBF, etc. Equip- 
ment failure prediction is done using Weibull techniques. 

A manual system of computing key equipment reliability 
indicators is very Laborious. Many times there is a duplica- 
tion of effort within the company. The manual system does 
not adhere to one set of corporate standards, thus making 
corporate wide analysis of equipment reliability data impossi- 
ble. 

A. Application of Equipment Performance Data 
Where does the equipment performance data get used? 

Several programs Like equipment failure prediction, equip- 
ment capacity analysis, high output programs, vendor main- 
tenance contracts, day-to-day maintenance planning in facto- 
ries, etc., need equipment perfcrrmance data. These data arc 
also required to implement techniques such as failure mode 
effects and criticality analysis (FMECA) and fault tree analy- 
sis (FT A). Through the use of FMECA /FT A techniques, 
engineers will be able to reduce diagnosis /trouble shooting 
time and define better PM procedures to prevent failures 
during the life of the equipment. 

B. Analysis Tool Requirements 

As the equipment analysis tool is used by a variety of users 
and for several applications, the tool was designed to meet 
the following core requirements: 

• configuration to be independent of the data-model used 
in the CAM system to track equipment performance; 
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Fig. 9. PM<hecklist processing. 

• requires minimal training and effort to generate graphs 
or reports; 

• minimal response time to generate a graph or a report; 

• ability to view data trends covering more than a year; 

• support the industry -standard as defined by the E-iO 
SEMI document. 

C. Data Storage 

Equipment performance data are extracted from the CAM 
system on a weekly basis. These data are further summarized 
and stored in VAX™ Record Management Services (RMS) 
files. In the CAM system, each equipment state is named 
uniquely. Example states are repair, running, PM time, 
waiting for vendor, etc. Time is accumulated against each 
of these states during the. course of the equipment usage. The 
basic states (repair, running, etc.) are further mapped to 
equipment indicators like availability, utilization, sched- 
uled time, unscheduled time, etc. 

A table is maintained to map the equipment state (running, 
repair, etc.) to its corresponding equipment performance 
indicator (producing, scheduled down time, etc.). Table I 
illustrates one such table. During summarization of the weekly 
equipment rxrforrnance data, the table with mappings is 
referenced for every transaction in the weekly equipment 
performance data file. This table is vital to enforce one set of 
standards across the company for reporting equipment RELI- 
ABILITY, AVAILABILITY, and MAINTAINABILITY in- 
dicators. 

D. Semi-Standard 

The E-10 specification is a semi-standard for measuring 
equipment performance. This standard defines six basic 
equipment indicators as shown in Table L Each of the 
equipment states (repair, running, etc.), as defined in. the 
CAM system, is mapped into one of the six E-10 indicators. 
In partnership with SEMATECH, • several standard graphs 
were developed which comply with the E- 10 standard. 

The analysis tool can plot the trend of equipment availabil- 
ity, mean time to repair (MTTR), mean wafers between 
failure (MWBF), mean time between failure (MTBF), etc. 
Fig. 10-13 illustrates four types of graphs generated from 

™ VAX ii the hardware manufactured by Digital Equipment Corp. 
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Fig- 10. Equipment availability graph. 



11^ K^«d 
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Fig. 13. Equipment subsystem fiUurc graph. 
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the analysis tool. To allow more granularity for analyzing 
Mure data, engineers are allowed to inquire about the failure 
frequency of subsystem* (bearing, control board,' etc ) 
within a given subsystem (Autoloader). 

E. Wei bull Analysis 

Aerospace companies have widely used Weibull analysis 
for equipment failure prediction. Weibull analysis provides 
-wers to the following questions frequently asked oy en^ 



• What is the quality of repairs? 

• What is the risk of failure after 30 h of operation? 

• How frequently should a PM procedure be done? 

• How many spares are required? 

• What is the root cause of failure? 

design? 

material quality? 
insufficient testing? 

To manually perform Weibull analysis, a great deal of 
Umc and effort needs to be expended. Several iterations are 
required before the data are ready to be used in the analysis 
By automating the tedious tasks, the analysis has been simpli- 
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fied. An analysis can now be performed in a couple of 
minutes. The user interface assumes that the user has no 
exposure to any statistical tool. 

Weibull analysis is performed on the equipment failure 
data gathered via the CAM system. The most important data 
required for this analysis are the available time or equipment- 
usage (number of runs or wafers processed) between each 
failure of a given subsystem (Autoloader, Indcxer). 

Analysis is performed in four steps. First, the user is 
allowed to extract equipment data covering any length of 
time. Second, the user is allowed to select the failures that 
peed to be part of the analysis. Third, a Weibull graph is 
plotted using a statistical package. Lasdy, the user can inter- 
pret the Weibull graph using the built-in advisor function. A 
Description of the underlying theory of Weibull analysis is 
beyond the scope of this paper. 

Characteristic life and slope of the fitted line (beta) are the 
two key terms used in the analysis. Characteristic life is 
defined as the point by which 63.2% of the units under study 
will have failed and 36.8% will remain in service. There are 
three categories of beta: 

1) infant mortality: beta < 1; 

2) random failures: beta = 1; 

3) wear out: .beta > 1; 

Using the advisor function on the graph, the user can answer 
rwo questions. 

1) What percent of parts would fail after a given number 
of hours or unit of operation? 

2) For what length of time or number of units, can a 
machine be operated before, a given percent of parts 
fail? 

Fig. 14 illustrates a Weibull plot used to deteirnine fre- 
quency of O-ring replacement to minimize both unscheduled 
downtime and cost. Based on the underlying failure data of 
the O-ring, we can make the following conclusions: 
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• inspect O-ring at 40 h; 

• change O-ring at 80 h. 

LX. Managing Statistical Process Control 
Violations of Equipment Monitors 

To ensure the stable health of the equipment to minimize 
losses and unscheduled downtime, statistical process control 
(SPC) techniques have been widely used for equipment moni- 
tors. PM's can also be scheduled based on the SPC data as 
opposed to scheduling them on a fixed interval basis. 

A new module integrated with WORKSTREAM was de- 
veloped to meet the requirements for managing SPC rule 
violation aJarras. This module provides a front end to view 
all the alarms that have been generated by equipment moni- 
tors for a specific equipment or for a group of equipment. 
Engineers have the capability to write comments to an alarm 
and finally close the alarm as being resolved. This annotation 
to the alarm will then be stored as part of the equipment 
history. One can deteiTnine the current status of an alarm by 
viewing the associated annotations. Such a tool allows engi- 
neers to document SPC violations and generate information 
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for customer audits and future reference. Fig. 15 is a graphi- 
cal illustration of this functionality. 

X. Project Implementation 

Currently, the equipment management system has been 
deployed at eight Intel facilities and SEMATECH. The 
equipment state models to track performance/failure data 
were different at each facility depending on a facility's matu- 
rity and business needs. The needs of startup factories are 
very different than the needs of mature production factories 
and development factories. 

User groups comprising of operators, technicians, pro- 
cess/equipment engineers, systems analysts, and supervisors 
were formed to develop an equipment performance tracking 
model that met factory needs. Flexible tools developed by 
Consilium and Intel were used to make this model as close to 
the real world as possible. Usage of the system and complete- 
ness of the data is ensured when a system can mirror the real 
world needs. All tools developed have been successful and 
are being used extensively. 

XI. Integration with External Systems 
Intel has introduced various automation products into its 
factories. The biggest challenge is to integrate all the prod- 
ucts together. The automation products include expert sys- 
tems, automated material handling systems, and station con- 
trollers. 

Equipment downtime data that are being collected manu- 
ally by the operator can now be automatically collected by 
the station controller through the machine-interface software. 
Where should equipment management reside? At the stauon 
controller or the host system? These are some of the ques- 
tions we are currently trying to answer. Expert systems hold 
promise as an excellent tool for troubleshooting equipment 
failures. Combining features of the expert system and the 
equipment performance system to get the best results is 
another integration task. 

XH. Conclusion 

To drive high equipment reliability /utilization in manufac- 
turing, a comprehensive equipment information management 
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